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SUMMARY
Penicillins and cephalosporins can cause a similar spectrum of allergic reactions at a similar rate.

Cross-reactive allergy between penicillins and cephalosporins is rare, as is cross-reaction within 
the cephalosporin group. Patients should therefore not be labelled ‘cephalosporin-allergic’.

Cross-reactive allergy may occur between cephalosporins (and penicillins) which share similar 
side chains.

Generally, a history of a penicillin allergy should not rule out the use of cephalosporins, and a 
history of a specific cephalosporin allergy should not rule out the use of other cephalosporins.

Specialist advice or further investigations may be required when the index reaction was 
anaphylaxis or a severe cutaneous adverse reaction, or when the antibiotics in question share 
common side chains.

When recording a drug allergy in the patient’s records, it is important to identify the specific drug 
suspected (or confirmed), along with the date and nature of the adverse reaction. Records need 
to be updated after a negative drug challenge.

‘Cephalosporin allergy’ label is misleading

as Stevens-Johnson syndrome, toxic epidermal 
necrolysis or acute generalised exanthematous 
pustulosis or organ hypersensitivity).

Structural chemistry and allergy
Immunological reactivity to small molecules such 
as antibiotics depends on the formation of haptens. 
These are stable covalent complexes of the drug with 
larger carrier molecules such as serum or membrane 
proteins. For penicillin, this occurs when the beta-
lactam ring spontaneously opens to form penicilloyl 
which binds to lysine residues on host proteins.6

Beta-lactam ring
Cephalosporins and penicillins share the four-atom 
beta-lactam ring structure. In penicillins the beta-
lactam ring is linked to a five-member thiazolidine 
ring whereas in cephalosporins it is linked to the 
dihydrothiazine ring (see Figs 1 and 2).

It was previously thought that people allergic to 
penicillins had a high likelihood of allergy to any 
cephalosporins (reportedly up to 23.9%).7 More recent 
studies have demonstrated cross-reactivity rates as 
low as 1%.8

The common beta-lactam ring is the putative reason 
for potential cross-reactivity between penicillins 
and cephalosporins. However, there is in fact little 
theoretical basis for this. Penicillins are chemically 
reactive due to a high degree of tension between the 
beta-lactam ring and the thiazolidine ring, whereas 
the cephalosporin beta-lactam ring forms a more 

Introduction
To label an individual with a ‘cephalosporin allergy’ 
is misleading. Given the structural diversity of the 
cephalosporin family, hypersensitivity is seldom a 
class effect but is much more likely to relate to the 
individual drug. Cross-reactivity within the family is 
very limited and is more likely to relate to the side 
chain than the core structure.1 A greater awareness of 
this in clinical practice would lead to the availability of 
alternative cephalosporins and prevent unnecessary 
use of other classes of broad-spectrum antibiotics.

Cephalosporins were first introduced in the 1960s,2 
and are one of the most commonly used first-
line antibiotics.3 They have a beta-lactam ring 
linked to a six-member dihydrothiazine ring4 with 
additional side chains at the R1 and R2 location 
(Fig. 1). Cephalosporins are commonly classified by 
their ‘generations’ (first to fifth) which relates to 
the order of their development (not their efficacy) 
and has relevance to antibacterial spectrum and 
beta-lactamase resistance. Their chemical structure 
tends to become more complex with successive 
generations. This classification has limited relevance 
to allergy and allergic cross-reactivity.

Cephalosporins cause allergic reactions with a similar 
spectrum and incidence to that of other antibiotics, 
such as penicillins.5 Reactions include type I 
hypersensitivity (urticaria, angioedema, anaphylaxis), 
and type IV hypersensitivity (maculopapular 
exanthem, severe cutaneous adverse reactions such 
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The R1 side chain as an antigenic determinant 
appears to explain the cross-reactivity that can 
be seen between certain beta-lactam antibiotics, 
as well as within the cephalosporin family. For 
example, aminopenicillins such as ampicillin and 
amoxicillin have similar R1 side chains to the 
aminocephalosporins cefalexin and cefaclor, and 
patients with sensitisation to the amino side chain 
have a risk of cross-reactive allergy between 
amoxicillin and cefalexin but can tolerate other 
(non-amino) penicillins and cephalosporins without 
this side chain.

Predicting cross-reactivity
Of the cephalosporins currently available in Australia, 
similar or identical side chains can be found within 
the same generation, such as in the third-generation 
cephalosporins cefotaxime and ceftriaxone, or across 
generations, such as in cefalexin (first generation) 
and cefaclor (second generation), and in cefalotin 
(first generation) and cefoxitin (second generation) 
(Table). However, predicting cross-reactivity among 
the cephalosporins remains challenging and reactivity 
may be due to the entire cephalosporin molecule and 
not just the R1 side chain (Table).1 A special case is the 
well-known phenomenon of cefaclor serum sickness-
like reaction, occurring most commonly in childhood, 
which is not cross-reactive with other cephalosporins 
or penicillins (see Box).12-16

Investigations
Blood tests (immunoassays) for specific IgE 
antibodies (sIgE) (formerly known as RAST) to 
penicillin, amoxicillin and cefaclor are available but 
have very limited sensitivity. The positive predictive 
value is high but the negative predictive value is 
low, therefore a negative blood test does not rule 
out allergy. Tests are not available for the majority 
of cephalosporins.17 The basophil activation test may 
have more diagnostic accuracy,18 but is currently only 
available in research laboratories.19

Skin prick, intradermal (early or delayed) and patch 
testing are more sensitive than immunoassays, 
however their negative predictive values are not 
established due to a lack of sufficiently powered 
studies.20 Several cephalosporins are not available in a 
solution suitable for skin testing due to poor solubility, 
and the diagnostic value of extemporaneously 
prepared solutions has not been established. Skin-test 
sensitivity to cephalosporins can decrease over time21 
which complicates interpretation. If the skin test is 
positive to the index drug, then a negative skin test 
to a related drug might help to exclude cross-reactive 
allergy. However, this would need to be confirmed by 
oral or parenteral challenge.

stable structure with its dihydrothiazine ring. This 
makes haptenisation of proteins with cephalosporins 
a slower and less efficient process. Also, when the 
cephalosporin beta-lactam ring is disrupted to form a 
cephalosporyl determinant, this structure is unstable 
and fragments rapidly so it is not antigenic.9

Cross-reactive side chains
Studies have revealed that the side chains of 
beta-lactam antibiotics are important antigenic 
determinants in allergy (Table). For example, if 
someone reacts to the amino side chain of amoxicillin 
rather than the beta-lactam core structure, they are 
likely to have a cross-reactive allergy to ampicillin 
which shares a very similar side chain, but not to 
benzylpenicillin or other penicillins.10

Antigenic determinants for cephalosporin 
hypersensitivity have only recently become better 
defined. The cephalosporin R2 side chain is usually 
lost after the opening of the beta-lactam ring, so 
is less likely to cause allergy (Fig. 1). It is thought 
that the R1 side chain determines the specificity of 
immunological reactions to cephalosporins.11 For 
this reason, cross-reactive allergy across the whole 
cephalosporin family is seldom if ever seen.

Cephalosporin allergy label is misleading

Fig. 1    General structure of cephalosporins

Fig. 2    General structure of penicillins
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Table    Cephalosporins and penicillins grouped by  
R1 side chain similarity

R1 side chain Cephalosporin Penicillin

cefaclor,  
cefalexin

ampicillin, 
amoxicillin

cefoxitin,  
cefalotin 

cefotaxime, 
ceftriaxone, 
cefepime

cefuroxime

cefazolin

ceftazidime aztreonam

ceftaroline

cefotetan

Challenge testing
Challenge testing should only be done at specialist 
discretion. This involves the deliberate administration 
of a cephalosporin, usually in graded dosage. It should 
be carried out under expert supervision in a centre 
with facilities to manage acute allergic reactions. It is 
the gold standard test for patients with a history of 
allergy to a cephalosporin.

Testing with a drug putatively linked to a previous 
reaction (homologous challenge) is warranted when 
there is an indication to use the drug, if there is 
significant uncertainty about the history, or if the 
reaction occurred in the distant past. In low-risk cases 
(mild reactions, history suggesting index reaction 
intolerance rather than allergy), oral rechallenge 
without prior skin testing can be considered to 
facilitate delabelling.

A history of a severe delayed-type 4 hypersensitivity 
reaction (Stevens-Johnson syndrome/toxic epidermal 
necrolysis, drug reaction with eosinophilia and systemic 
symptoms) is considered a permanent contraindication 
to challenge testing since the T-cell immunological 
memory is likely to persist.22 A history of immediate 
allergy and even anaphylaxis is not an absolute 
contraindication to (cautious) challenge since type 1 
allergy frequently resolves over several years21,23 and a 
negative challenge clears the drug for future use.

When the index drug is known, and is found positive on 
sIgE blood test, skin prick or intradermal testing, then 
the challenge is done with an alternative cephalosporin 
with a different R1 side chain (heterologous challenge) 
as this may show the absence of cross-reactive 
allergy. In the event of severe anaphylaxis to a specific 
cephalosporin, the specialist may opt to challenge with 
an alternative beta-lactam, despite negative in vitro 
and in vivo testing (Fig. 3). For a patient labelled with 
‘cephalosporin allergy’ in which the index cephalosporin 
is not known, a cautious challenge may be warranted 
with the cephalosporin that is most likely to be useful.

Recording a patient’s allergy
Clinical history is of paramount importance when 
recording a reaction. This should include the 
indication for the antibiotic used, comorbidities, 
and concurrent drugs. A detailed description of 
the reaction is essential, including the date and the 
actual name of the drug rather than the family or 
class of drug. Electronic health records may facilitate 
recording of such details.

The term ‘cephalosporin allergy’ should not be used. 
It is inaccurate and indicates a contraindication to 
the entire class of cephalosporins. Concepts of drug 
allergy have changed and we now know that such a 
blanket contraindication is usually inappropriate.
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Cephalosporin allergy label is misleading

Recommendations

In general:

 • a history of penicillin allergy should not rule out 
the use of cephalosporins

 • a history of allergy to a specific cephalosporin 
should not rule out the use of other cephalosporins.

Exceptions include when:

 • the index reaction was anaphylaxis or a severe 
cutaneous adverse reaction

 • the antibiotics in question share common 
side chains.

In these circumstances, specialist advice or 
investigation is recommended. 

Conflict of interest: none declared

Fig. 3    Decision tree for patients with a history of an immediate (anaphylactic) 
reaction to a cephalosporin

Clinical history of immediate allergic 
reaction to a cephalosporin

Testing (specific IgE, skin prick 
testing or intradermal testing if 
available) to suspected beta-lactams, 
including the index cephalosporin

Negative to index 
cephalosporin

Graded challenge to 
index cephalosporin

Positive to index 
cephalosporin but 
negative to other 
beta-lactams

Graded challenge 
to an alternative 
beta-lactam found 
negative on testing 
and with a similar 
R side chain structure

Positive to index 
cephalosporin and 
other beta-lactams with 
a similar R side chain

Graded challenge 
to an alternative 
beta-lactam found 
negative on testing 
and with a different 
R side chain structure

Positive to all 
beta-lactams

Do not challenge

Box    Serum sickness-like reactions 
with cefaclor

Cefaclor is associated with serum sickness-like 
reactions in children and sometimes adults. This 
is characterised by rash, fever, arthralgia, arthritis 
and lymphadenopathy, but serum complement 
concentrations are not reduced and immune 
complexes have not been identified. The mechanism 
is thought to be due to the genetically determined 
biotransformation of the drug to produce 
lymphocytotoxic metabolites.12

Patients who suffer this reaction may acquire a 
‘cephalosporin allergy’ label. However, this is incorrect 
because, although patients may have a recurrence 
on rechallenge with cefaclor, in vitro studies 
have shown a lack of cross-reactivity with similar 
molecules12,13 and patients have been shown to tolerate 
other cephalosporins.14-16
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